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SPECIAL NOTES 


1. API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, 
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED. 


2, APIIS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANU- 
FACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP 
THEIR EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND 
SAFETY RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS 
UNDER LOCAL, STATE, OR FEDERAL LAWS. 


3. INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND PROPER 
PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS AND CONDI- 
TIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE MANUFACTURER 
OR SUPPLIER OF THAT MATERIAL, OR THE MATERIAL SAFETY DATA SHEET. 


4. NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU- 
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT 
COVERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED 
IN THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST 
LIABILITY FOR INFRINGEMENT OF LETTERS PATENT. 


5. GENERALLY, API STANDARDS ARE REVIEWED AND REVISED, REAF- 
FIRMED, OR WITHDRAWN AT LEAST EVERY FIVE YEARS. SOMETIMES A ONE- 
TIME EXTENSION OF UP TO TWO YEARS WILL BE ADDED TO THIS REVIEW 
CYCLE. THIS PUBLICATION WILL NO LONGER BE IN EFFECT FIVE YEARS 
AFTER ITS PUBLICATION DATE AS AN OPERATIVE API STANDARD OR, 
WHERE AN EXTENSION HAS BEEN GRANTED, UPON REPUBLICATION. 
STATUS OF THE PUBLICATION CAN BE ASCERTAINED FROM THE API 
AUTHORING DEPARTMENT [TELEPHONE (202) 682-8000]. A CATALOG OF API 
PUBLICATIONS AND MATERIALS IS PUBLISHED ANNUALLY AND UPDATED 
QUARTERLY BY API, 1220 L STREET, N.W., WASHINGTON, D.C. 20005. 


Copyright © 1995 American Petroleum Institute 
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FOREWORD 


API publications may be used by anyone desiring to do so. Every effort has been made 
by the Institute to assure the accuracy and reliability of the data contained in them; however, 
the Institute makes no representation, warranty, or guarantee in connection with this publi- 
cation and hereby expressly disclaims any liability or responsibility for loss or damage 
resulting from its use or for the violation of any federal, state, or municipal regulation with 
which this publication may conflict. 

Suggested revisions are invited and should be submitted to Measurement Coordination, 
Exploration and Production Department, American Petroleum Institute, 1220 L Street, 
N.W., Washington, D.C. 20005. 
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Chapter 3—Tank Gauging 


SECTION 2—STANDARD PRACTICE FOR GAUGING PETROLEUM AND PETROLEUM 
PRODUCTS IN TANK CARS 


3.2.1. Introduction 


This standard provides a uniform method for measuring 
liquids and liquefied gases in tank cars by liquid level 
measurement. Measurement of both vapor space and liquid 
level are described. 


3.2.2 Scope 


Tank car contents may be measured by three methods: 
railroad scale weighing, metering, and liquid level measure- 
ment. This standard describes only the equipment for and the 
procedures of the liquid level method of measurement. 

When tank cars can be opened for manual measurements, 
gauge tapes and bobs may be used to measure the level of 
liquid contents. When tank cars cannot be opened for 
gauging contents, closed-system measurement equipment 
must be used for gauging. This standard describes gauging 
and temperature measurement equipment used in both open 
and closed measurement systems. 


3.2.3 Significance and Use 


Volumes based on liquid level measurements in tank cars 
are used for commercial purposes and to indicate compliance 
with regulations regarding weight and volume. The proce- 
dures in this standard are intended to reduce variability in the 


results of measurement and sampling operations when. 


comparing loading terminal data to unloading terminal data. 


3.2.4 Safety and Health Considerations 


All applicable safety and health procedures should be 
consulted. Considerations should include, but are not limited 
to, potential electrostatic and other fire and explosion 
hazards, potential personnel exposure (for example, expo- 
sure limits, hazard communication, training, associated 
protective clothing and equipment requirements, and work 
practices), and potential explosive and toxic hazards associ- 
ated with a tank car’s atmosphere. The physical characteris- 
tics of the commodity and existing operational conditions 
should be evaluated, and applicable international, federal, 
State, and local regulations should be observed. Safety proce- 
dures designated by the employer and other concerned 
parties should also be observed. The Association of Amer- 
ican Railroads Manual of Standard Recommended Practices 
and API publications provide additional safety information 
and should be consulted. 

Petroleum vapors and associated substances may also 
involve potential toxicity, including hydrogen sulfide vapors 
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from “sour” crude. Petroleum vapors with high concentra- 
tions of hydrogen sulfide may cause unconsciousness or 
death. During and after the opening of the manway, one 
should stand so that vapor inhalation is minimized. Harmful 
vapors or oxygen deficiency cannot be detected safely by 
smell, visual inspection, or judgment. Appropriate precau- 
tions should be used for protection against toxic vapors or 
oxygen deficiency. Procedures should be developed to 
provide for appropriate exposure monitoring, personal 
protective equipment, and emergency rescue precautions. 
When necessary, suitabie respirator protection should be 
worn prior to entering the gauge site and during the gauging 
procedure. 


3.2.5 Physical Characteristics and Fire 
Considerations 


Personnel involved with the handling of petroleum-related 
substances (and other chemical materials) should be familiar 
with their physical and chemical characteris-tics—including 
the potential for fire, explosion, and reactivity—and appro- 
priate emergency procedures, as well as potential toxicity 
and health hazards. They should comply with individual 
company safe operating practices and local, state, and 
federal regulations. Personnel should be alert to avoid poten- 
tial sources of ignition; they should keep containers of mate- 
tials closed when not in use. 


3.2.6 Normative References 


API 
Manual of Petroleum Measurement Standards (MPMS) 
Chapter 1, “Vocabulary” 
Chapter 3, “Tank Gauging—Method of Gauging 
Petroleum and Petroleum Products” 
Chapter 5, “Metering” 
Chapter 7, “Temperature Measurement” 
Chapter 8, “Sampling” 
Chapter 12, “Calculation of Petroleum Quantities,” 
Section 1A, “Calculation of Static Petroleum 
Quantities in Upright Cylindrical Tanks and 
Marine Vessels” 
The Association of American Railroads! 
Manual of Standard Recommended Practices 


IThe Association of American Railroads, 50 Frank Street, N.W., Wash- 
ington, D.C. 20001-1564. 
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3.2.7 Definitions 


3.2.7.1 A capacity table (also, tank capacity table, calibra- 
tion table) is a table showing the tank car capacities or 
volumes for various liquid levels measured at the reference 
gauge point. 

3.2.7.2 Dome tank cars are non-pressure tank cars with an 
expansion trunk (dome) at the top center of the tank car to 
provide space for expansion of the liquid in the car. The 
Manway opening is on the dome. 


3.2.7.3 Domeless tank cars are tank cars with the manway 
opening attached directly to the top of the tank car shell (see 
Figure 1). 

3.2.7.4 Interior lining is the surface coating applied to the 
interior of a tank car shell to prevent contents from 
contacting the metal shell. Linings may be damaged if 
gauging equipment is not used carefully. 


3.2.7.5 Magnetic gauging device (also, magnetic float 
gauge) is a gauging device fitted to a tank car to permit 
measuring the liquid level in the car without opening the car 
to the atmosphere. The device consists of two magnets: one 
fitted inside a float and one affixed to a graduated gauge rod 
or tape. When the two magnets link, the gauge is read at the 
reference gauge point. 


3.2.7.6 Markers are metal liquid-level indicators installed 
in domeless tank cars, usually at the level where the car is 
filled to 98 percent of capacity; however, they are occasion- 
ally at other levels. Markers are not accurate measurement 
devices. Markers are not recommended for custody transfer 
measurements. 


3.2.7.7 Reference gauge point (tank cars): When the tank 
car can be opened for liquid level measurement, the refer- 
ence gauge point is at the top edge of the manway opening 
at the longitudinal centerline of the tank car at the point on 
the manway circumference closest to the midpoint of the 


tank car. Tank cars that cannot be opened for liquid level 
measurement are equipped with built-in measurement 
equipment. The reference gauge point in these tank cars 
should be established by the manufacturer of the measure- 
ment equipment. 


3.2.7.8 Slip-tube gauging devices measure the level of pres- 
surized liquid in a tank car. They consist of a graduated 
hollow gauge rod fitted into a gas-tight housing. The lower 
end of the rod is open, and the upper end is fitted with a 
valve. When the lower end contacts liquid in a tank car, a 
small amount of the liquid is expelled from the valve at the 
upper end by pressure inside the tank car. 


3.2.7.9 Stenciled load limit is the number painted onto the 
sides of a tank car indicating the maximum legal weight of 
its contents. 


3.2.7.10 Stenciled empty weight (light weight, tare) is the 
number painted onto the sides of a tank car indicating the 
empty weight of the car. 


3.2.7.11 Tank car capacity (stenciled capacity) is the 
number painted onto the ends or sides of a tank car indi- 
cating its shell-full capacity. Verification may be necessary. 


3.2.7.12 Thermometer well (thermoweil) is a metal tube, 
sealed at the bottom, that extends into tank cars requiring 
closed loading or unloading. The thermowell is filled with a 
heat-transferring liquid of low volatility and freeze point 
(usually, ethylene glycol) that transmits the temperature of the 
tank car contents to a thermometer lowered into the ther- 
mowell. 


3.2.8 Measurement Equipment 


Only measurement equipment that yields results that are 
reproducible and traceable to NIST standards (or equivalent 
national standards) and for which calibration records are 
available should be used to measure liquid levels. 


Figure i—Non-Pressure Tank Car 
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3.2.8.1 LIQUID-LEVEL MEASUREMENT 
EQUIPMENT 


Gauge tape and bobs, either manual or electronic, are 
recommended to measure the liquid level of tank car 
contents when the tank car can be safely opened for gauging. 
[API MPMS Chapters 3.1A and 17.2 describe manual 
measurement equipment in detail.] Other measurement 
equipment of equivalent accuracy may be used if it meets the 
criteria defined in 3.2.8. 

The liquid level in tank cars may also be gauged with 
properly functioning equipment built into the tank car. Built- 
in equipment includes slip tubes, magnetic float gauges, and 
other measurement devices. These devices and the proce- 
dures for using them are described in 3.2.9. 

Note: Since the location of markers is often approximate, markers are not 
recommended for custody transfer liquid level measurement. The primary 


purpose of markers in tank cars is to provide a convenient reference mark to 
prevent overloading a tank car by volume. : 


3.2.8.2 TEMPERATURE MEASUREMENT 
EQUIPMENT 


To quantify tank car volumes to a standard temperature, the 
observed temperature of the contents of each car must be 
measured. Either mercury-glass thermometers or portable 
electronic thermometers may be used. Temperature measure- 
ment equipment may be lowered directly into the liquid of 
tank cars that can be opened. The temperature of the liquid in 
a closed tank car must be measured in a thermowell. See API 
MPMS Chapters 7.1 and 7.3. 


3.2.9 Liquid-Level Measurement 
Procedures 


Liquid-level measurements in tank cars may be used to 
determine either the liquid volume or the vapor volume in 
the measured tank car. Vapor volume is determined by 
measuring the liquid level, referencing the tank car’s 
capacity table to obtain the liquid volume, then deducting the 
liquid volume from the stenciled tank car capacity (or the 
manufacturer’s published tank car capacity) to obtain the 
vapor volume. 

Before gauging, the exterior of the tank car should be 
visually checked for any indication of leaking. The surface 
of the tank car contents should be calm while gauging. 
Liquid-level measurements should be read to the nearest 4 
inch (7 mm). Two consecutive identical readings of all 
gauges are required to assure the absence of motion of the 
liquid in the tank car during gauging (see Figure 1). 

The liquid outage level, measured from the reference 
gauge point, must always be measured. Depending on the 
format of tank car capacity tables, one or more of the 
following measurements may also be required: 


a. The height of the manway from upper edge to lower edge. 
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b. The distance from the inside top of the shell to the upper 
edge of the manway. 

c. The distance from the inside bottom of the shell to the 
centerline edge of the manway (reference gauge height). 

d. The distance from the inside bottom of the shell to the 
shell-full liquid level. 


Measurements a, b, c, and d above should be recorded on 
the tank car capacity table so that they need to be measured 
only once. 

Note: The lining of rail tank cars is easily damaged by the pointed end of 


innage bobs. Care must be exercised to lower innage bobs gently onto the 
bottom of the tank car. 


3.2.9.1 GAUGE TAPE AND BOB PROCEDURE 


Procedures for measuring liquid levels using gauge tapes 
and bobs are described in API MPMS Chapter 3.1A. 


3.2.9.2 PORTABLE MEASUREMENT UNIT 
PROCEDURE 


Portable measurement units (electronic tape and bob 
assemblies) are designed to be used in conjunction with 
specially designed measurement access valves that limit the 
escape of vapors during measurement of liquid levels. The 
use of these devices is acceptable if they meet the require- 
ments of 3.2.8; however, they are not in common use for 
measuring liquid levels in rail tank cars. Procedures for 
measuring liquid levels using electronic gauge tapes and 
bobs are described in API MPMS Chapter 17. 


3.2.9.3 SLIP-TUBE GAUGING PROCEDURE 


Slip-tube gauging devices measure the level of pressur- 
ized liquid in a closed system (see Figures 2A and 2B). The 
manufacturer’s instructions for location of the reference 
gauge point, use of the equipment, and safe operation must 
be followed. When all protective devices are released, the 
slip-tube should slide into its sleeve. As the tube is lowered 
and the bottom of the tube reaches the liquid surface, liquid 
is forced by the tank pressure out of the upper end of the 
tube. The appearance of liquid indicates that the surface of 
the liquid has been contacted. Using the graduations on the 
tube, read the liquid level to the nearest % inch at the refer- 
ence gauge point specified by the manufacturer. 


3.2.9.4 MAGNETIC GAUGING PROCEDURE 
(ROD TYPE) 


Rod-type magnetic gauging devices consist of two parts: 
(a) a movable gauge rod with a magnet at the bottom of the 
rod and (b) a float-magnet assembly that floats on the surface 
of any liquid in the tank. (See Figure 3.) 


Note: If gauge rods need to be replaced, consult the tank car owner for 
replacement. 
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Figure 2A—Slip-Tube Gauging Device Assembly With Quick-Release Cover 
for Compressed Gas Cars 
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Figure 2B—Slip -Tube Gauging Device Assembly 
for Compressed Gas Cars 
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Figure 3—Rod-Type Magnetic Gauging Device 
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To use the rod-type magnetic gauging system, remove the 
protective cover and pull up on the gauge rod until the rod 
magnet links with the float magnet (you will feel the 
linking). Read the outage gauge at the top of the specific 
gravity adjustment bushing. Read levels as indicated in 
3.2.9. 


Note: Magnetic gauging equipment is fitted to a tank car according to the 
density of one product. The level of the float on the liquid surface will 
change with any change in the density of the product being measured. The 
manufacturer of the equipment should be consulted for advice on possible 
application of a density correction to the gauge. 


3.2.9.5 MAGNETIC GAUGING PROCEDURE 
(TAPE TYPE) 


The tape-type magnetic gauging device uses a graduated 
tape in place of the rod in 3.2.9.4. Otherwise, the principle of 
operation is the same. (See Figure 4.) 

Open the protective cover. Rotate the handwheel until 
magnetic linkage is felt, then read the outage gauge through 
the window at the top of the device. Read levels as indicated 
in 3.2.9. 

Note: Magnetic gauging equipment is fitted to a tank car according to the 
density of one product. The level of the float on the liquid surface will 
change with any change in the density of the product being measured. The 


manufacturer of the equipment should be consulted for advice on the 
possible application of a density correction to the gauge. 


3.2.10 Temperature Measurement 
Procedure 


Either mercury-glass thermometers or portable elec- 
tronic thermometers (PET’s) may be used to measure the 
temperature of tank car contents. Due to the long immer- 
sion time required for mercury-glass thermometers in high- 
temperature liquids, PET’s are recommended for these 
materials. 

Follow the procedures recommended in API MPMS 
Chapters 7.1 and 7.3. 


3.2.11 Sampling 


Tank cars may be sampled using techniques appropriate 
for the nature and volume of the contents of the tank car. See 
API MPMS Chapter 8.1. 


3.2.12 Reading Tank Car Capacity 
Tables 


Tank car capacity tables should be available prior to 
gauging to determine the type and extent of measurement 
necessary (see 3.2.9). Tank car calibration tables are usually 
presented in one of six formats: 


a. Tables based on innage gauges, indicating liquid gallons. 
b. Tables based on innage gauges, indicating vapor gallons. 
c. Tables based on outage gauges taken at the reference 
gauge point, indicating liquid gallons. 

d. Tables based on outage gauges taken at the reference 
gauge point, indicating vapor gallons. 

e. Tables based on outage gauges taken at the shell-full 
point, indicating liquid gallons. 

f. Tables based on outage gauges taken at the shell-full 
point, indicating vapor gallons. 


See the Appendix for examples of typical rail tank car 
capacity table formats. 


3.2.13 Reporting 


All measurements and volumes should be reported on a 
tank car gauging report that includes the following infor- 
mation: 


. Tank car number and DOT number. 

. Stenciled volume. 

. Date, time, and location of gauging. 

Loading or unloading. 

Outage or innage gauge and reference point. 

. Gauge readings, temperature (and pressure if applicable). 
. Gauging equipment used. 

. Whether the tank car is insulated. 


remo ao of 
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Figure 4—Tape-Type Magnetic Gauging Device 
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APPENDIX—TYPICAL RAIL TANK CAR CAPACITY TABLES 


10 


No Dome 


Inches Gallons 


0° 10 
we 2 
4% 5 
w 10 

1 16 
% 22 
4 29 
K% 

2 44 
% 53 
4 62 
r7) 72 

3 82 
% 92 
4 103 
% 5 

4 126 
a 139 
4 151 
5) 164 

5 177 
4 191 
% 204 
4% 219 

6 233 
ws 248 
% 263 
K 278 

7 294 
% 310 
4 326 
% 342 

8 359 
% 376 
% 393 
% 411 

9 429 
4 447 
4 465 
% 483 


*Zero inches represents manway nozzle capacity. 
>Represents shell capacity plus manway capacity. 


Inches 


0 
i 
12 
13 
14 
15 
16 
17 
18 
19 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


Gallons 


502 
540 
579 
619 
660 
701 
743 


830 

874 

920 

965 
1,012 
1,059 
1,107 
1,156 
1,205 
1,254 
1,304 
1,355 
1,407 
1511 
1,617 
1,726 
1,836 
1,948 
2,062 
2,177 
2,294 
2,412 
2,532 
2,653 
2,776 
2,899 
3,024 
3,149 
3,276 
3,403 
3,532 
3,661 


Figure A-1—Typical Rail Tank Car Capacity Tables 
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Inches 


Gallons 


3,791 
3,921 
4,052 
4,184 
4,316 
4,449 
4,582 


4,848 
4,982 
5,116 
5,250 
5,387 
5,521 
5,654 
5,788 
5,921 
6,054 
6,187 
6,319 
6,451 
6,582 
6,712 
6,842 
6,972 
7,100 
7,228 
7,355 
7,480 
7,605 
7,729 
7,852 
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Inches 


80 
31 
82 
83 


84 


86 
87 
88 
89 
90 
91 


92 


93 


94 


95 


96 


Gallons 


8,890 
8,997 
9,102 
9,204 
9,255 
9,305 
9,354 


9,451 
9,498 
9,545 
9,591 
9,637 
9,681 
9,725 
9,769 
9,811 
9,853 
9,894 
9,934 
9,973 
10,012 
10,049 
10,068 
10,086 
10,104 
10,122 
10,139 
10,156 
10,173 
10,190 
10,206 
10,223 
10,238 
10,254 
10,269 
10,284 
10,299 
10,314 
10,328 


Inches 


97 


98 


99 


100 


101 


102 
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Gallons 


10,342 
10,355 
10,368 
10,381 
10,393 
10,405 
10,417 
10,428 
10,439 
10,450 
10,460 
10,469 
10,478 
10,487 
10,495 
10,503 
10,509 
10,516 
10,521 
10,526 
10,529 
10,531 


Outage Table No. 7200 


Inches 


102% 
Empty 


Gallons 


10,531 


API MPMS*3-2 95 MM O?7?3ee90 0548915 053 


SECTION 2—STANDARD PRACTICE FOR GAUGING PETROLEUM AND PETROLEUM PRODUCTS IN TANK CARS 


Gallons per Inch in Manway 1.10 Outage Table No. 7201 
Inches Gallons Inches Gallons _ Inches Gallons Inches Gallons Inches Gallons Inches Gallons 
a ne te = IS OS sn BEES eallons. 
0 14 10 487 20 1,289 30 2,210 40 3,129 50 3,921 
K 16 505 1,311 2,234 3,151 3,938 
% 19 §22 1,333 2,257 3,173 3,954 
% 24 540 1,356 2,281 3,194 3,971 
1 29 11 558 21 1,378 31 2,304 41 3,216 51 3,987 
wh 35 576 1,400 2,328 3,238 4,003 
v3 42 594 1,423 2,351 3,259 4,019 
% 49 613 1,445 2,375 3,281 4,034 
2 57 12 631 22 1,468 32 2,398 42 3,302 52 4,050 
% 66 650 1,491 2,421 3,323 4,065 
4 75 669 1,513 2,445 3,344 4,080 
% 84 688 1,536 2,468 3,365 4,004 
3 93 13 707 23 1,559 - 33 2,492 43 3,386 53 4,109 
Y 104 726 1,582 2,515 3,407 4,123 
4 114 TAS 1,605 2,538 3,428 4,137 
% 125 765 1,628 2,561 3,448 4,150 
4 136 14 784 24 1,651 34 2,585 44 3,469 54 4,164 
7) 148 804 1,674 2,608 3,489 4,190 
3 160 824 1,697 2,631 3,510 55 4,214 
K 172 844 1,720 2,654 3,530 4,238 
5 184 15 864 25 1,743 35 2,677 45 3,550 56 4,260 
% 197 885 1,766 2,700 3,570 4,280 
¥ 210 905 1,789 2,723 3,589 57 4,299 
4K 224 926 1,813 2,746 3,609 : 4,317 
6 237 16 946 26 1,836 36 2,769 46 3,629 58 4,332 
% 251 967 1,859 ; 2,792 3,648 4,345 
4 265 988 1,882 2,815 3,667 59 4,355 
% 280 1,009 1,906 2,838 3,686 
7 294 17 1,030 27 1,929 37 2,861 47 3,705 
Y% 309 1,051 1,952 2,883 3,724 
¥ 324 1,072 1,976 2,906 3,743 
% 340 1,093 1,999 2,929 3.761 
8 355 18 1,115 28 2,023 38 2,951 48 3,780 
y 371 1,136 2,046 2,974 3,798 
4 387 1,158 2,070 2,996 3,816 
% 403 1,179 2,093 3,018 3,834 
9 420 19 1,201 29 2,117 39 3,041 49 3,852 
% 436 1,223 2,140 3,063 3,869 59%b 4,360 
¥% 453 1,245 2,163 3,085 3,887 Empty 
% 470 1,267 2,187 3,017 3,904 


*Zero inches represents manway nozzle capacity. 
Represents shell capacity plus manway capacity. 


Figure A-1—Typical Rail Tank Car Capacity Tables (Continued) 
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